The study was aimed to look at the effect of different forms of mango kernels (MK) on the shelf life of refrigerated beef sausages over 12 days of cold storage. The (MK) was chemically and microbiologically analyzed. Beef sausages were treated with MK in 3 states, as dry ground (1.5%), an extract (1.5%) and spray MK extract (1.5%) over minced beef of sausages. Two controls were used; BHT 0.02% and no additives. A series of analyses were performed after treatments; thiobarbituric acid reactive substances (TBARS), analysis of color, myoglobin and odor. The results indicated that different forms of MK added to the beef sausages had different effects on its shelf life. Furthermore, the sprayed MK extract has significantly (P ≤ 0.05) lowered metmyoglobin (MMb) and TBARS and increased oxymyoglobin (MbO 2 ), odor score and a* (redness) than other forms. The potential effects of the sprayed MK may be due to a cloud of droplets cover the large surfaces of minced beef sausages with efficient extracted antioxidants. MK is source of flavonoids 142mg/g F.W. GAE. The spraying of MK at 1.5% showed an improvement of E. coli from minced beef and beef sausages that were less than 10 cfu g -1 Also the concentrations of yeasts and moulds were not detected at day 12 of storage. Hierarchically, sprayed MK extract gave best results than ground MK or MK extract form which shows effective inhibitor of lipid oxidation and microbial growth of beef sausages.
Introduction
Fruits wastes make a large component of solid waste residue from agro-fruit processing industries that could increase environmental pollution due to its rapid decay. It has been reported that 45% of wastes are from mangoes, compared to 50% from citrus fruits and 10% from apples (Rao, 2006) . Fruit peels and seeds are the most enriched part of fruits as they act as storage sites for nutrients required by the young plants. They have also been suggested to have antioxidant properties. Fiber-rich by-products may be incorporated into food products as inexpensive, non-caloric bulking agents for partial replacement of flour, fat or sugar, as enhancers of water and oil retention .
Mango (Mangifera indica Linn.) is considered as one of the most summer favorite fruits in Egypt. During processing of mango, by-products such as peel and seed kernel are produced. Seed kernels may take up about 17-22% of the fruit. Mango seed is a single flat rectangular seed that can be fibrous or hairy on the surface, depending on the cultivar. Inside the seed coat 1-2 mm thick is a thin lining covering a single embryo, 4-7 cm long, 3-4 cm wide, and 1 cm thick.
The MK has shown to be a good source of flavonoids, phytosterols such as campesterol, sitosterol and vitamin E as well. (Kittiphoom, 2012) .
Meat products such as beef sausages are highly perishable and deteriorate rapidly causing potentially dangerous health risks through microbial growth and chemical changes. During storage in the presence of oxygen the oxidation of lipids takes place with production of free radicals as consequence of the metabolic changes in a meat biological system (Lee et al., 1998; Olsen et al., 2005) . Lipid oxidation products contribute to the undesirable changes such as oxidation of oxymyoglobin to metmyoglobin which results in dark brown meat color (Renerre & Labas, 1987; Lee et al., 1998) .
A small number of studies had investigated the possibility of MK to extend the shelf life of meat products. However, we have not a conclusion so far about the best form of MK to prolong the shelf life of beef sausages. Gadallah and Abdel Fatah (2011) tested the antibacterial effect of MK in a powder and extracted form with methanol at different levels 1.0, 2.0, 3.0 to treat minced beef over 15 days of cold storage. While Hung (2012) studied the antioxidative effect of ground MK (1% w/w) on the shelf life of pork sausages and pork patties over 10 days of cold storage. Also Pereira et al (2011) tested the inclusion of mango seed extract (MSE) at different levels 0.1% and 0.2% in Bologna-type mortadella preparations and found the 0.2% promotes higher pH values after 14 and 21 days of storage at 2 °C. However, the researcher concluded that mango seed extract (MSE) can be used in 0.1 or 0.2% levels in Bologna-type mortadella with similar or better antioxidant effects than those of BHT 0.01%.
The objective of the present study was to optimize the best form of MK that prolongs the shelf life of beef sausage over 12 days of cold storage. For first time we investigated the effect of spraying MK extract on the shelf life of beef sausages at 1.5 % level.
Materials and Methods

Materials
Mango seed kernels were collected from local juice shops, Cairo suburb, Egypt after mango flesh processing from (Zebda) variety during the summer season of 2014. The average weight of mangoes 375 g, they can be described according to Kader (2008) as relatively strong, firm, green to yellow and less full cheek. Beef legs were purchased from Cairo butcher shop.
Chemicals such as trichloroacetic acid (TCA), thiobarbituric acid (TBA), 1,1,3,3-tetramethoxypropane (TMP), ethanol, sulphuric acid, hydrochloric acid, ethyl acetate, Whatman 1 filter were obtained from Sigma, Egypt. Folin-Ciocalteu's phenol reagent, sodium carbonate (Na 2 CO 3 ) and gallic acid were purchased from Sigma-Aldrich (St. Louis, MO). The rest of chemicals were purchased from El Gomhoria Chemical Company, Cairo, Egypt.
Proximate Analysis of MK
Three samples (5 g) from each MK were examined for lipid, protein, ash and carbohydrate contents according to the official methods AOAC (2000) . Moisture and dry matter were determined in MK by using "Infrared Moisture Determination Balance (FD-610-Japan) with a 5 g sample at 80 °C for 60 min. Carbohydrates were calculated by difference. The amount of total flavonoids content was determined by using Folin-Ciocalteu reagent according to Singleton and Rossi, (1965) with little modification according to Abdel-Moemin (2014) (CT-2200 Spectrophotometer, E-Chrom Tech, Taiwan).
Extraction of MK
The freeze-dried powder of MK (Snijders Scientific-tilburg, Holland, capacity 3 kg Ice) was extracted to ethanolic solvent according to Vega-Vega et al. (2013) . Ethanolic extracts of MK was carried out by weighing (10 g) of MK and placed in E-Flask with 100 mL of ethanol: water (70:30). The sample was left to infuse in a dark room for 10 days at 25-30 °C. The extract was then filtered and the solvent removed by using a rotary evaporator at reduced pressure and temperature of 45 °C. The aqueous fraction was freeze-dried, forming the dry extract, which was subject to alkaline hydrolysis (10 mL of NaOH 4 M) for 4 h in darkness. Therefore, an acid hydrolysis was conducted with HCl 4 M taken every sample to pH 2. The hydrolyzed extract was subject to liquid-liquid separation by 2 washes with 20 mL of ethyl acetate (Oboh & Rocha, 2007) . The ethyl acetate phase was used and evaporated; the obtained extract was re-suspended in deionised water to a concentration of 25 mg of extract per mL.
Preparation of Beef Sausages
Three samples of beef legs were purchased after 24 hours post-slaughter beef Caracas from local butchers Cairo, Egypt. Three forms of MK were treated the minced beef suasges; ground MK at 1.5%, extract MK 1.5% and spray MK at 1.5%. For example, ground sample of MK was mixed with minced beef sausage in a food processor for 3 minutes to prepare the beef sausages. Furthermore, the spray MK extract was sprayed over minced beef sausage through household sprayer. Controls (without additives) and BHT were also blended similarly to the above. Portions used to make the beef suasges in this study were in Table 1 . Pepper (g) 2.4 2.4 2.4 2.4 2.4 Control: Standard sausage recipe made from minced beef with no antioxidants, BHT: a sausage recipe made from minced beef at 0.02% BHT(control II), Extract: a sausage recipe made from minced beef and blended with MK extract at 1.5%, Spray: a sausage recipe made from minced beef and sprayed with mango kernels extract at 1.5%. Ground: a sausage recipe made from minced beef with ground mango kernels at 1.5% *Butylated hydroxytoluene with a concentration of 0.02%.
Each recipe was then extruded into 10cm natural sheep intestinal casings and air dried at 10 °C for 6 hours. The beef sausages (n=9 per treatment) were placed in polystyrene trays which were covered with polyvinyl chloride film and then stored at 4 °C for 1, 2, 4, 6, 8, 10 and 12 days. Sampling was performed every 2 days to assess the effect of the extract applied on beef sausages.
Proximate Analysis of Minced Beef and Beef Sausages
Moisture and dry matter were determined by using (Infrared Moisture Determination Balance FD-610-Japan). Crude fat content was determined by using Soxhlet extraction (AOAC 976.21). Crude protein was measured by determining nitrogen using the Kjeldahl method (AOAC 981.10). Nitrogen was converted to crude protein content by multiplying with the factor 6.25.
Thiobarbituric Acid Reactive Substances (TBARS)
Thiobarbituric acid reactive substances (TBARS) in minced and beef sausages were modified slightly from Maraschiello et al. (1999) . Briefly, 0.5 g of meat was added to 10 mL of deionised water and homogenized (1 min). 2.5 mL of 25% TCA were added (to precipitate the protein), samples were stored for 10 min at 4 °C and centrifuged (8 min, 3000 rpm, at 4 °C). An aliquot of 3.5 mL of the supernatant was added to 1.5 mL of 0.6% TBA and incubated in water bath for 30 min at 90 °C. The intensity of the developed color was measured at 539 nm UV-visible spectrophotometer CT-2200 Spectrophotometer, E-Chrom Tech, Taiwan) against a blank consisting of 2.5 mL of deionised water, 1 mL 25% aqueous TCA, and 1.5 mL 0.6% TBA.
Determination of Myoglobin
Deoxymyoglobin (Mb), oxymyoglobin (MbO 2 ) and metmyoglobin (MMb) in minced beef and sausages were determined according to the procedure of Krzywicki (1982) . The absorbance of each supernatant was read at 565, 545 and 525 nm in a UV-visible spectrophotometer CT-2200 Spectrophotometer, E-Chrom Tech, Taiwan. Percentages of Mb, MbO 2 and MMb in the pigment extracts were calculated.
Determination of Suasges Odor
Odor acceptability of beef sausage (n=3) for a period of 6 subplots (2, 4, 6, 8, 10, 12) was assessed by 9 panelists at room temperature (30 °C), the cut of point for acceptable odor sausage was 2.5 marks by using a 5-point hedonic scale where 1 =very unpleasant, 2 = moderately unpleasant, 3= moderately pleasant, 4 = pleasant and 5 = very pleasant (Das et al., 2011) .
Determination of Sausage Color
The beef sausages samples were taken out of the refrigerator and placed on the table for 5 minutes at room temperature (30 • C) before color measurement. Color measurements were made on the surface of raw beef sausages with Minolta Chroma Meter CR-310 colorimeter (Minolta Corp., Ramsey, NJ).The colorimeter was calibrated according to the manufactures instructions.
Microbiology of Beef Sausages
Microbiological profile of MK, fresh minced beef and stored sprayed beef sausages with MK were done on the day 12. The examination included TVC, E. coli, staphylococci, coliforms yeasts, moulds and Salmonella for www.ccsen minced be Bacillus ce
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Microbiological Profile of Mango Kernels
The microbiological profile of MK was safe which recorded 900 cfu g -1 for TVC and less than for the following; 50 cfu g -1 for yeasts and moulds, 10 cfu g -1 for Bacillus and 5 Cfu g -1 for E. coli.
Proximate Analysis of Fresh Minced Beef
The proximate composition of fresh minced beef for moisture, crude protein, fat, ash and carbohydrates were 60.2±0.36, 17.9±3.2, 18.2±2.7, 2.48± and 1.22±3.6% FW respectively.
Odor of Sausages
The sausages, regardless of their components, showed a decrease in their odor scores over the 12 days of cold storage. The beef sausages without antioxidants (control I) decreased the odor (unpleasant odor) from 5 to 0 after 12 days of storage. Furthermore, had an undesirable score (< 2.5) and unpleasant odor after 4 days of storage. Nevertheless, the odor score of sausages with MK spray, extract and ground had acceptable score (≥ 2.5) for up to 8 days of storage whilst those with sprayed with MK had (≥ 3) for up to 10 days. However, added BHT had an acceptable margin score (2.5). 
Myoglobin Pigments
Fresh minced beef at day one represent 30% Mb, 29% MbO 2 and 15% MMb respectively. Changes in the type of myoglobin in beef sausages over a 12-day storage period showed significant differences (p ≤0.05) between the treatments specifically MbO 2 % and MMb %. At day 6, the proportion of Mb was almost stable in the sprayed MK of the sausages.
TBARS and Red Color during Storage Period at 4 °C
Fresh minced beef recorded 7.25 MDA (μmol Kg -1 DW) and 7.80 for redness (a*). Generally, addition of MK to the beef sausages lowerd TBARS values compared to the controls over the 12 days of storage period. In the control (I) beef sausage TBARS values were increased significantly (P ≤ 0.05) at day 4 and continued to increase.
There were no differences in a* between the control and treated sausages at day one. All the treatments of beef sausages decreased their a* values from day 1 to day 12. There was a significant decrease (P≤ 0.05) in the a* values of the control (I) sausages, specifically at day 6. In the control sausages seems to continually decrease a* values to day 12 while the sausages with antioxidants, specifically those with sprayed, ground and extracts, looks to have a* up to day 12. Control: Standard sausage recipe made from minced beef with no antioxidants, BHT: a sausage recipe made from minced beef at 0.02% BHT, Extract: a sausage recipe made from minced beef and blended with MK extract at 1.5%, Spray: a sausage recipe made from minced beef and sprayed with mango kernels extract at 1.5%. Ground: a sausage recipe made from minced beef with ground mango kernels at 1.5%, *a indicates to the degree of redness of beef sausage. **Day 1 means determinations had been done after 24 hours from treatments.
(Mean values with different small letter within a row are significantly different (P ≤ 0.05).
Microbiological Profile of Beef Sausage With MK Extract
Fresh minced beef and beef sausages with sprayed MK at 1.5% were only tested for microbiological investigation; TVC, E. coli, staphylococcus aureus, clostridiums, yeasts, moulds and salmonella. The microbiological investigations www.ccsenet.org/jfr Journal of Food Research Vol. 4, No. 3; 2015 were included the period of fresh state of minced beef and day 12 at 4 °C (Table 5) . The results of TVC, E. coli, Clostridiums, Staphylococci, Yeasts & Moulds and Salmonella in fresh minced beef represent 1,000,000, > 1000, < 10, < 10, 2.4 × 10 2 cfu g -1 and not detected respectively. While the results of beef sausage blended with MK extract at 1.5% (day 12) were < 100,000, < 5, < 10, < 10, nd and nd respectively. Coliforms (E. coli) were improved from minced beef and beef sausages were less than 10 cfu g -1
. Also the concentrations of yeasts and moulds in the sprayed beef sausages were not detected at day 12. Salmonella were not detected in any of the beef samples tested.
Discussion
The current study was focused to optimize the best form that would prolong the shelf life of beef sausages. A series of analyses were done to evaluate the best form that enhances the shelf life of beef sausages at 1.5% for a period of 12 days at 4 °C. For example, analysis of color, odor, and TBARS were conducted. The minced beef and beef sausage treated with sprayed MK were also examined for microbiological safety. Two controls were used vs the treated beef sausage with kernels. These controls were BHT supplemented sausages as commercial synthetic at 0.02% and beef sausages without any additives.
We have already data about the antioxidative and antimicrobial effects of extract plant origin on processed meat for example, Carpenter et al. (2007) who reported an increase in redness of cooked pork patties containing the highest concentrations of grape seed extract. Also, these authors observed that this increase in meat redness was not perceived as negative by the sensory panel.
We have also data from literature about the role of MK to extend the shelf life of meat products in a state of ground or extract. (Gadallah & Abdel Fatah, 2011; Hung, 2012; Pereira et al., 2011) . As they tested the antioxidative and antibacterial effect of MK either as ground form or as an extract at different levels on the shelf life of meat products over certain days of cold storage. These studies showed extended shelf life as the antioxidative and antimicrobial effects of mango seed kernels. However, we have not yet a conclusion about the best form of MK to prolong the shelf life of beef sausages. For the first time, we have investigated the effect of spraying MK in an extract form at 1.5% over minced beef of sausage in order to testing if spraying MK may extend the shelf life of beef sausages than other forms.
Thiobarbituric acid reactive substances (TBA), analysis of color, myoglobin and odor and microbiological examination were used to assess the shelf life of the treated beef sausages.
Currently, there is a market trend to utilize from natural antioxidants as food additives because of observed safety and toxicity problems associated with synthetic antioxidants such as BHA, BHT and TBHQ (Buxiang & Fukuhara, 1997; Jo et al., 2006) . MK has been suggested as potential sources of natural antioxidants since they contain polyphenols, anthocyanin, carotenoid, vitamin C and vitamin E Ajila et al., 2007) . There is, however, still little data on the effects of MK on lipid oxidation associated with color and odor changes in beef sausages stored in cold environment. reported that MK has potent antioxidant activity with not only phenolic compounds but also lipophilic antioxidants such as phytosterols and tocopherols that possesses strong scavenging abilities to capture free radicals and chelate metals.
Furthermore, although BHT has often been used to prevent the harmful effects of lipid oxidation, sprayed MK was more effective than extract, ground, and BHT in the present study. This is probably due to the various kinds of antioxidants in the sprayed MK having a cloud of droplets cover the large surfaces of minced beef to make beef sausage and generally the sprayed form was extracted as having antioxidants as hydrophilic and hydrophobic forms therefore enhancing the antioxidative effects on muscle systems. Abdalla et al. (2007) also suggested that MK extracts could be used as a source of natural antioxidants therefore this study used this recommendation to test spraying extract of MK over beef sausage.
The findings in this study suggest that lipid oxidation influences the parameters of lipid oxidation of control (I) over the 12 days storage period. These findings suggest that TBARS, Mb and MMb increased whilst MbO 2 , odor score and a* value decreased when lipid oxidation occurred.
The results can be attributed to the oxidation of MbO 2 to MMb after the first 4 days of storage. A factor responsible for meat discoloration and MbO 2 oxidation is lipid oxidation (Brown & Mebine, 1969; Gray et al., 1996) which produces free radicals and aldehydes that react with MbO 2 therefore speed up the accumulation of MMb.
The sprayed MK over minced beef sausages exhibited antimicrobial effects against E. coli, yeasts and moulds and TVC in the beef sausages. In our study, the effect of the sprayed extract of "Zebda" mango kernels could be increased the antioxidant and antimicrobial capacity of beef sausages. As they were treated by spraying, then packed and stored at 4 °C for 12 days.
Odor is the most important parameter that affects the consumer perception of the quality of stored cold meat. We evaluate the changes in the quality of beef sausages beside changes in TBARS, color, myoglobin and microbial test in the same samples.
Sprayed MK sausage samples were more effective in maintaining the redness in beef sausages. While all sausages tended to be less red in the storage days, those with additives MK and BHT had a redder color and maintained the redness in a stable form from day 6 to the end of the storage period.
Loss in redness may be attributed to the myoglobin (Mb) and oxymyoglobin (MbO 2 ) in beef products being lost by oxidation which turns the pigment to a brown color due to metmyoglobin formation. These differences may be due to the type of muscle analyzed.
The best results were obtained from sprayed MK probably extraction helped to obtain high concentration of antioxidants and reduce any unnecessary anti-nutrients. Furthermore, spraying the extract over minced beef that used in the preparation of beef sausages would help the efficiency of the antioxidants and generate droplets of extract that can be suit fat soluble antioxidants to the lipid phase and generate a potent in vitro antimicrobial of beef sausages.
The addition of MK and BHT may be changed the three forms of myoglobin pigments. This could be due to either the immediate effect of BHT and MK increasing MbO 2 and reducing Mb and MMb. These results were in agreement with (Hung, 2012) . Nevertheless, after day one, there were incompatible changes in Mb, MbO 2 and MMb of beef sausages at day 2 and 4, respectively due to the complex changes in the formation and loss of the three myoglobin forms inter-conversion of the three forms of pigments in the presence of oxygen (Giddings, 1974; van Laack et al., 1990; Zhu & Brewer, 1998) . Also oxidation of the ferrous-species of myoglobin to the brown ferric-species MMb due to the prolonged exposure to air and the low oxygen pressure (Lindahl et al., 2006) .
The microbiological results of beef sausage sprayed with MK indicate that coliforms (E. coli) were improved from minced beef and beef sausages less than 10 cfu g -1 . Also the concentrations of yeasts and moulds in the sprayed beef sausages were not detected at day 12. Salmonellae were not detected in any of the beef samples tested. These results imply that spraying of MK has a potential antimicrobial activity against TVC in beef sausages until the day 12.
Conclusion
Mango kernel is a good source of flavonoids (142 mg/g F.W. GAE) found to be an excellent additive to prolong shelf life of beef sausage for 12 day at 4 °C. Generally, mango kernels forms, when added at 1.5% level to beef sausages provided sufficient antioxidants to extend the shelf life of beef sausages from 2 to 12 specifically in a spray form. Similarly, MK extract and ground prolonged the shelf life of beef sausages for 2 to 6 days and from 2-8 days respectively compared to control sausages (without additives). The potential effect of sprayed MK extract to extend the shelf life of beef sausages could be due to covering the large surface of minced with the tiny www.ccsenet.org/jfr Journal of Food Research Vol. 4, No. 3; 2015 droplets of extract that inhibiting the lipid oxidation and delaying the changes in color and odor of beef sausages. Hierarchically, sprayed MK extract excelled significantly the other forms of mango kernels that mixed dried or extract with beef sausages. This study suggests the efficient antioxidative and antimicrobial properties of sprayed mango kernels extract to inhibit lipid oxidation and extend the shelf life of beef sausage.
